Gravitational scattering in the ADD-model is studied and it is argued that no cut-off is needed for the exchange of virtual Kaluza-Klein modes. By introduction of a small coordinate in the extra dimensions a unique form of the Kaluza-Klein-summed propagator is found for an odd number of extra dimensions. The matrix element corresponding to this propagator can also (as opposed to the cut-offed version) be Fourier transformed to position space, giving back the extra-dimensional version of Newton's law. For an even number of extra dimensions the propagator is found by requiring that Newton's law should be recovered.
Introduction
The ADD [1] model aims at explaining the hierarchy between the weak scale and the Planck scale. This is done by introducing extra, compactified, dimensions in which only gravity is allowed to propagate. At distances small compared to the compactification radius the gravitational force will be enhanced, and, for small enough distances, behave essentially as in a 4 + n dimensional world, where n is the number of extra dimensions. If the extra dimensions are large enough, the enhanced gravitational force opens up for the possibility of gravitational scattering and black hole production at present, or soon upcoming, collider experiments.
To quantify the amount of gravitational interaction, the theory was put on a perturbative field-theoretical basis in [2, 3] . The perturbations of the metric enter as massive Kaluza-Klein (KK) modes in the Lagrangian. When these modes are internal states they have to be summed over, leading to the following propagator integral [2, 3] 
where l enumerates the allowed momenta, m l , in the extra dimensions, m is the absolute value of m l and k 2 is the momentum squared of the 3 + 1-dimensional part of the propagator. (For the above approximation to be valid the compactification radius R of the extra dimensions clearly have to be large enough.) The problem of the divergent integral was approached in [2, 3] by introducing a cut-off M s , argued to be of the same order of magnitude as the fundamental Planck scale, M p . For n > 2, and exchanged momentum small compared to M p , the Kaluza-Klein summation of t-channel (or s-channel!) amplitudes then gave a propagator behaving as
where G N (4) is the ordinary 3+1-dimensional Newton's constant. (In [2] M p and M s are taken to be the same in the calculation of the propagator.) The cross section is then given by [4] 
where z is cosine of the scattering angle in the center of mass system, s the squared sum of the incoming particles momenta and F a function taking spin dependence into account. The summation of Kaluza-Klein modes was also performed in the classical limit, after Fourier transforming our normal momentum space to coordinate space [5] , giving rise to the expected 3 + n dimensional version of Newton's law,
where r = |x|. This 1/r n+1 -potential can not be recovered by Fourier transforming the nonrelativistic matrix element corresponding to eq. (1.2) to ordinary position space. Especially, note that eq. (1.2) gives the same form of the gravitational scattering regardless of the number of extra dimensions. Equation (1.4), on the other hand, gives different scattering behavior for different number of extra dimensions. The fact that the m and k integrals converge when taken in this order makes it seem reasonable that we should be able to calculate the KK sum in a unique way. In particular we note that the above calculation can be seen as a Fourier transform of the full 3 + n dimensional space by introduction of an infinitesimal coordinate y in the extra dimensions. This coordinate would end up in the exponent with m as iy · m. However, as the m integral is explicitly convergent when taken after the k integral, the addition of iy · m in the exponent would not change the result in the limit y → 0. The calculation of the KK sum viewed as a Fourier transform is performed (for an odd number of extra dimensions) in section 2. In section 3 we show that the resulting propagator can be Fourier transformed to position space giving back the extra-dimensional version of Newton's law. We also find the KK-summed propagator for an even number of extra dimensions. Finally we summarize and conclude in 4.
Summation of KK modes
As the standard model fields are assumed to live on the brane any measurement of gravitational scattering will be in position space w.r.t. the extra dimensional coordinates and in momentum space w.r.t. the ordinary coordinates. We therefore search for the corresponding propagator. To find it we introduce a coordinate y, with absolute value y, in the extra dimensions. Later we will take the limit y → 0. It is interesting to note that the same starting point for evaluating the propagator actually is used in [6] . Fourier transforming eq. (1.1) to position space with respect to the extra dimensions now gives for n ≥ 3
where S n−1 is the surface of a unit sphere in n − 1 dimensions (from integration over the angles on which the integrand does not depend) and the factor R n /(2π) n comes from the density of Kaluza-Klein modes corresponding to compactification radius R. For an odd number of extra dimensions this can, with x = cos(θ), be rewritten as
2)
Now the innermost integral is a Fourier transform w.r.t. m evaluated at xy and can be calculated (in distribution sense) using the convolution formula for Fourier transforms of products and the results,
(whereˆdenotes the Fourier transform), hence
4)
After performing the x-integral, combining geometric factors and taking the limit y → 0 we arrive at the result
Since this limit is valid for every |y| ≪ 1/k it is clearly valid for any narrow enough extra dimensional position distribution. It is easy to show that this result holds also for one extra dimension, and therefore for any odd number of extra dimensions. In order to calculate eq. (2.2) we make use of the fact that the seemingly divergent Fourier transform is well defined in distribution sense. Mathematically this means that we make use of a test function and a second integration variable to ensure convergence. Comparing this to the calculation in eq. (1.4) we see that the k-integral plays a similar role acting as a second integration variable, i.e. when the k-integral is performed first the integral is convergent, and we take the integration to mean this convergent result.
Although the starting point for calculating eq. (2.5) was the same as in [6] the result is different. This is again an integration order problem. In [6] the angular integral was evaluated first. This gives a propagator of the form 1/y (n−2) in the limit ky → 0. Clearly this propagator blows up when the coordinate in the extra dimensions goes to 0. As we expect no physical infinities when the distance in a few (the extra) coordinates goes to 0, but the total distance (in ordinary and extra dimensional coordinates) remains finite, and, as the Fourier transform of eq. (2.5) gives back Newton's law, the integration order chosen here seems physically motivated.
The expression eq. (2.5), which is in momentum space with respect to our normal dimensions, and in position space with respect to the extra dimensions, has the following properties:
i It gives back Newton's law.
ii It depends on the number of extra dimensions in a non-trivial way, such that, as the gravitational force increases faster with smaller distance in position space for many extra dimensions, this is reflected in a faster increase with larger k in momentum space.
iii It does not depend on an arbitrary cut-off, implying that it is not dominated by metric perturbations of the scale 1/M p for scatterings corresponding to much larger distances. This is the case for eq. (1.1) integrated to M s ≈ M p .
iiii It has the same k-dependence as the part of the propagator which is argued to contribute to the all order (exponentiated) eikonalized amplitude in [7] .
The first statement remains to be justified.
Fourier transform to position space
To obtain the 3+1-n dimensional version of Newton's law we take the classical limit, multiply with the coupling constant 4πG N (4) and Fourier transform eq. (2.5) to position space. Using κ = |k| we have
This can be evaluated (in distribution sense) by introduction of a small convergence factor
where the last step only is valid for an odd number of extra dimensions. This is the same result as in [5] , i.e. gravitational scattering enhanced by the large density of Kaluza-Klein modes, corresponding to a large coupling constant.
The strategy so far has been to start from the propagator and argue that we can get back Newton's law. Clearly this argument could be turned upside down. Believing in the calculation in eq. (1.4) [5] , we could search for the propagator giving the expected potential when Fourier transformed to position space. Again this would give us a propagator of the form k n−2 for an odd number of extra dimensions. For an even number of extra dimensions we settle with this argument, showing that the propagator
gives the desired form. Fourier transforming the non-relativistic version of eq. (3.3) to position space we have for the potential For n even we get after evaluating the integral [8] V (r)
5)
We have recovered the multidimensional version of Newton's law. Again we note that eq. (3.3) contains the same k-dependence as the part of the propagator argued to contribute to the all order eikonalized amplitude in [7] .
Conclusion
We have shown that, at least for an odd number of extra dimensions, a full summation of virtual Kaluza-Klein modes in the ADD model is possible, and in fact necessary, to get agreement with the classical limit. For an even number of extra dimensions we have found the KK-summed propagator by arguing that we should have the same result as in eq. (1.4), i.e. Newton's law, when all coordinates are Fourier transformed to position space.
